where kD,cq= -(II L II) is the so-called "equilibrium dissociation rate coefficient," then it is easily shown that the moments N".= (II 'It I x".) of the eigenvectors \ XI') are of the order of magnitude Singular perturbation methods may then be used to obtain a uniformly valid asymptotic solution for \ X(t). The result shows that after a short initial transient the dissociation and recombination rate coefficients, kD and kR , approach the "steady-stat.e" value kD= Keqk R = Ao[1 +8(1-No) Keq-W A +O(€4)], (4) where Keq is the dissociation equilibrium constant.
Since this expression depends only on Ao and I xo), and since for a given set of initial conditions the incubation time caused by the initial transient may be shown to depend only on \ xo), we see that all the important parameters describing the dissociation and recombination of diatomic molecules may be determined from the lowest eigenvalue and the corresponding eigenvector. This fact is of immense importance for both analytical and numerical calculations of the rate coefficients and incubation times because, in the limit indicated by Eq. (2), the lowest eigenvalue and the corresponding eigenvector are easily approximated by rapidly convergent iterative techniques.
To show how this may be done, we express the eigen-
If we substitute a trial vector for \ XI') in the right-hand side of this equation and perform the indicated operation, we obtain a first approximation to the eigenvector I xo), within a normalization constant. This first approximation may, in turn, be used as a trial vector to get a second approximation, and so on. After sufficient iterations, the result converges to \ xo) with any desired degree of accuracy, in the sense of mean-square error, provided only that the initial trial vector is not orthogonal to \ Xo ).2 To prove this, we define the nth approximation to the unnormalized eigenvector by the Ll'bl' \ x!'), we find that the mean-square error in the normalized eigenvector is
which vanishes as n~oo provided that bo¥-O. A simple approximation to the eigenvalue Ao may be obtained from the formula
,,>0
which approaches Ao as n~oo provided that bo¥-O.
In the limit indicated by Eq. (2) the calculation converges very rapidly, and only one iteration is necessary. For our initial trial vector we choose the equilibrium distribution \f O »= 11). In practice, this usually deviates significantly from I xo) only in the upper energy levels where the weighting function if;i is small. The expansion coefficients bl' are given by the formula (j<0) I 'It I x,,) = N p.. The first approximation to Ao is therefore
where the asymptotic limit follows from Eq. (3). The first approximation to \ xo) is
which, in view of Eq. (3), has a mean-square error The method of configuration interaction with a truncated complete set of functions and one variable scale parameter which was recently applied to the first four members of the helium isoelectronic series 1 has been extended to this series through Z = to. of values of the scale parameter near the energy'"minimum over which the energy varie{by less than 0.00001 a.u., which is the limit of the precision used in the matrix diagonalization. In Table I are shown the results obtained with the 120-term expansion
in which each configuration is the appropriate antisymmetrized combination of products of the denumerably complete 4 set of single-particle functions,
of the scaled variable ~=2kr. The two values of the scale parameter k shown in Table I are the limits of the range of k over which the energy varies by less than 0.00001 a.u. Since it is the wavefunction, or the approximate solution to the Schrodinger equation, which is ultimately of interest, the behavior of the wavefunction near the energy minimum was studied by calculating the expectation value (r2) =!( (rI2+r22) ) over the range of scale parameter for which there is no significant change in tion, and in fact is somewhat better than might be expected from a wavefunction which gives the energy to four or five significant figures. Because of this it seems likely that this type of wavefunction should be quite useful for calculating transition probabilities and other properties of these ions obtainable from oscillator strengths, and this work is now in progress. 
